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CONTI NGENT VALUATI ON ASSESSMENT OF THE ECONOM C DAMAGES
OF POLLUTI ON TO MARI NE RECREATI ONAL FI SHI NG

(EPA Cooperative Agreenent # CR-814656-01-0)
Trudy Ann Cameron

Executive summary

The research performed under this cooperative agreement is summarized in
the contents of four papers. These are described in the follow ng sections.

1. ‘The Determ nants of Value for a Marine Estuarine Sportfishery: The
Effects of Water Quality in Texas Bays,” (also Wrking Paper #523, Department
of Economics, University ofCalifornia «t Los Angeles).

This paper gives a detailed description of the data collected in the

socioeconomc portion of the Texas Parks and Wldlife Creel Y
10,000 recreational anglers between May and Novenber of 1987. It also
Zes 2 Se data, which

I ncl ude ganefish abundance estimates we have calculated fromthe data
collected in the Texas Parks and Wldlife Resource Mnitoring Program water
quality data fromthe Texas Department of Water Resources, and five-digit zip
code soci odemgraphic averages from the 1980 Census.

The objective in this first paper is to fornulate special statistical
model s that produce estinates of each individual survey respondent’s
willingness to pay for access to the recreatio
pays along the Texas QIlf Coast. In this paper, no attenpt is made to force
t hese nodels to conformwth formal economc theories. Instead, ninimlly
sophisticated discrete choice econonetric nmedals are use'd in an attenpt to
establish the apparent _systematiC relatronships between Willingness to pay and

whatever —explanatory factors are available. These factors include:
daaaaidgics of the individual, thelr current catch, location and tinme of

the interview, typical gamefish abundance, and coarse neasures of several
di nensions of water quality by tine and location collected both by survey

personnel and separately by the Departnent of Water Resources.

The econonetric methods used in this analysis are specially designed to
accomodate the “limted dependent variable” nature of the data. The paper
describes the nathod by which maxinumTikelihood |ogit estimates can be
transformed to yield the inplied paraneters of anapproximation to the demand
function for recreational fishing access. In particular, we are interested in



price and incone elasticities of demand. But we also focus in this study on
the extent to which water quality, geographical and seasonal dumry variabl es,
soci oecononi ¢ and other variables act as shifters of this demand function.

For this portion of the study, there are mixed findings concerning the
effects of water quality on the value of the recreational fishery. A wide
variety of meteorological data and data on water qualgy_lﬁsdgval lable. In
MOst cases, however, I{ Wwas necessary (0 -aggregate these data up the |evel
of each of the eigh | or nd for h month of the sanple For
exanpl e, we know about average tenperature, di SSolved oxygen, turbidity, etc.
as well as nitrogen nitrate levels, phosphate levels, non-filterable residues,
oil and gas in bottom deposits, and a wide array of other qualities.

Whil e several of our water quality variables appear to make
statistically significant contributions to explaining willingness to pay for
fishing access, many of them have counter-intuitive signs. |t can be inferred
that water quality probably varies inversely with other unmeasured attributes
of anglers and the fishing resource that directly affect the value of the
fishery. For exanple, if there are fewer substitute recreationa
opportunities in the Houston area, recreational fishing opportunities my be
val ued very highly, but sinultaneously, the water quality may be very | ow.

The reverse may be true in nore renote areas of the coast. If we include
water quality, but omit alternative recreational opportunities (for lack of
data), then, it will appear that lower water quality inplies higher socia

val ues of the fishery. | suspect that sonething likethis is precisely what
i s happeni ng.

This study represents an heroic effort to assenble the nmpst appropriate
water quality data for the Texas CGulf Coast available from nmany different
sQurges . Countless hours went into matching and merging alT of This
information with the survey responses. Unfortunately, it is an enpirica
i ssue whether or not the anticipated relmionshipsmﬂll_%g%w up in these data.
This paper concludes That 1t w1t be necessary to control for other 1mportant
determ nants of value before the residual variation attributed-to measured
wat er qual ity can be unanbi guously identitied. However, there is ‘definite

evidence that respondents perceptions regarding environnental quality are moge
i medi ate determinants of value than the actual neasured qual £ty of the water.

e —— T

Wiile water quality apparently cannot be considered in this nuch detail
with the current dataset, other coarser sociodenographic variables, such as
incone, appear to have strong and intuitively plausible effects on val ues.
The apparent price elasticity of demand for fishing days (if a market existed)
appears to be roughly -2.2, meaning that if access cost anglers 1% nore
demand would decrease by 2.2% The income elasticity appears to be just |ess
than unity, inplying that recreational fishing opportunities are borderline
bet ween bei ng necessities and Tuxuri es.

There are other inplications of these nodels, also conditional on the
quality of the data. For exanple, geographical heterogeneity in the demand
for recreational fishing davs does seemto exist. The water quality
variables, collectively, seemto explain quite a lot of this geographic

variation, even if milticollinearity anong_these variables |inmis our ability
to attribute value differenices to specific individual dinensions of water

quality.
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The Non-market Value of Water Quality Attributes
Estimates for Texas’ Marine Estuarine Sportfishery

by
Trudy Ann Cameron

1. Introduction

Deci sions regarding the expenditure of public funds to enhance or
restore environnental assets have frequently been nade on the basis of purely
normative arguments. Until recently, the non-market benefits enjoyed
collectively by the consumers of environmental resources have been difficult
co determine. The objective in this paper is to quantify the effects of
variations in water quality upon the non-market value of the marine
recreational fishery along the Texas Qulf Coast. Knowing how water quality
affects the social value of this fishery will allow us to sinmulate changes in
that value as a consequence of policies which inprove water quality (or as a
result of decisions to allow water quality to deteriorate).

The “travel cost” method (TCM for val uing non-market resources has been
wi dely used but is frequently inappropriate for a marine sportfishery because
the point-to-point distance for these fishing trips is often poorly defined.
Destinations are diffuse and true opportunity costs for access are difficult
to measure. These problens with the travel cost method have made hypothetica
or “contingent” market surveys popular for eliciting resource val ues.

In contingent valuation (G) surveys, it seems to be particularly
difficult for respondents to state the precise value they would place on the
resource. Consequently, o.variety of value elicitation techniques are
enployed. Different strategies are suitable depending upon whether the
investigation relies upon personal interviews, telephone interviews, or mailed

guestionnaires.



One method is verbal “iterative bidding.” An elaboration of this
met hod, useful for in-person interviews or mail surveys, is the “paynent
card, “ where the respondent is nerely asked to scan a card and to indicate the
hi ghest amount willingly paid (or |owest conpensation willingly accepted) for
access to the resource. An extrene formof the iterative bidding strategy
involves only the first iteration: a single randony assigned value is
proposed and the respondent decides whether to “take it or leave it,” much as
in ordinary day-to-day market transactions. This “closed-ended CV' or
“referendunf question format econom zes greatly on respondent effort and
mnimzes strategic bias, but reduces estimation efficiency. The single
offered sumis varied across respondents, which allows the yes/no responses to
these questions to inply both the location and the scale of the conditiona
distribution of valuations. NMany nore responses are required to generate
equal Iy statistically significant paraneter estinmates for the valuation
function, but it is suspected that this value elicitation technique mninmzes
the wide array of biases which have bean ® rgued to plague the other CV
elicitation nethods.

At present, contingent valuation investigations are probably the nost
practical way to quantify the econom c benefits to «recreational fishery of
pol lution control activities. CV questions can often be appended quite easily
to regular creel survey instruments, so the marginal cost of gathering CV data
is relatively nodest.

In CV valuation nodels, respondents’ valuations of the resource are
presumed to depend upon (a.) characteristics of the respondent and (b.)
attributes of the resource (in this case, including the |evel of pollution and
indirect manifestations of pollution |evels such «s the degree of urbanization

and catch rates). A calibrated CV nodel can be used to simulate both (a.) the



randonly chose a starting value fromthe Iist $50, $100, $200, $400, $600,
$800, $1000, $1500, $5000, and $20,000, In addition, respondents were queried
regarding actual market expenditures during the current trip: “How nmuch wll
you spend on this fishing trip fromwhen you |left home until you get honme?”
This is as close as we can get to a measure of “travel cost.”

The same basic criteria for deleting particular observations are applied
inthis paper as are described in Cameron (1988a). The same caveats regarding
the sanple also apply in this case. The sanple enployed in this study is
slightly smaller only because our gamefish abundance data are drawn froma
separate source: the Resource Mnitoring Program of Texas' Department of
Parks and Wldlife. W have their data only for April through the end of
Novenber, so the few Decenber interviews in the survey sanple were sinply
dr opped.

The Resource Monitoring Program uses several types of fishing gear: gill
nets, bag seines, beach seines, traws, end oyster dredges. The Program
i nvol ves vast nunbers of sanples being drawn across the entire Qulf Coast.

For 1983-1986, we had over 23,000 sanples, wth conplete records of the
nunbers of individuals of each species collected in the sanple. Since |ow
tenperatures in 1984 resulted in esubstantial fish kill along the Texas Qulf
Coast, we utilize only those sanples drawn in 1985 and 1986 to construct our
abundance measures. Also, only gill nets capture the types of fish that
recreational anglers would be seeking, so we use only the catch using this
gear type. Still, we have roughly 5400 sanples to work wth.

One problem however, 1s that gill nets were apparently not used during
the nonths of July and August. So we must fill in for mssing data for these
two nonths. Fortunately, for each nonth and each of the eight major bay
systems along the coast, we typically have between 40 and 80 sanples in each
of the two years. Once we have conputed mean “catch per unit effort’for each

month and each bay, the tinme series for the April-Novenber data is fairly



Readers are referred to Cameron (1988a) for a vital preface to this

research. W avoid extensive duplication in this paper by presum ng readers

are famliar with the findings of the earlier paper.

2. Qutline of the Specification
As before, we will adopt the quadratic famly of utility functions, for

the sane variety of reasons explained in the earlier paper. W wll let U
denote direct utility, Y wll be inconme, and Mw | be current fishing day
expenditures (“travel costs”, roughly). A'so, g will be the nunber of fishing
days consumed and z (- Y - M) will denote consunption of other goods and
services. We will let A denote the abundance of red drum the primary
ganefish species. The quadratic direct utility function will thus take the

form:
(1) U'51z*ﬁzq*ﬁ:32/2+ﬂ¢zq+ﬂsqz/2'

where the g, are no | onger constants, but will be allowed to vary linearly

with the level of A B* - ;9“+»1.1 A J-1,...,5.

3. Data

The data used for this nodel consist of a 3318 observation subset of the
3366 observations used in the earlier paper. The data cone froman in-person
survey conducted by the Texas Departnment of Parke and Wldlife primrily
bet ween May e nd Novenber of 1987 (although there are a few observations for
the first days of Decenmber). The primary purpose of the survey is to count
nunbers and species of fish making up the recreational catch, but during this
particul ar period, e dditional economc valuation questions were posed to
respondents.

In particular, the contingent valuation question took the form “|f the
total cost of all your saltwater fishing last year was ____ nore, would vou

have quit fishing conpletely?” At the start of each day, interviewers



5
smooth for the seven nost usual species of game fish (red drum black drum

spotted seatrout, croakers, sand seatrout, sheepshead, and founder). V& have
used quadratic approximations for the My-Cctober range of the data to fill in
abundance estimtes for the two mssing nonths

Prelimnary atheoretic logit nodel s based upon the contingent valuation
data suggest that among the top three recreational target species--red drum
spotted seatrout, and flounder--only variations in the nunber of red drum have
a statistically significant effect upon the inplied value of a recreationa
fishing day. Consequently, we elect to enploy only the abundance of red drum
as a control for resource quality in this study.

The means and standard deviations for both the full sanple of 3366 and
the subset of 3318 responsesere given in Table 1. As can b. seen, the subset

Is still representative of the larger sanple.

4, Wility Parameter Estnmates

To assess whether or not the preference function differs systematically
with the level of gamefish abundance, we estimate two nodels. First, we re-
estimated the “basic” joint nodel fromthe earlier paper using just the subset
of 3318 observations. This specification constrains the g coefficients to be
I dentical across e |l l|evels of gamefish abundance. Then we generalize the
model by allow ng each g to be «linear function of A which involves the
introduction of five new a paraneters. Since the “basic” specificationis a
speci al case of the nmodel incorporating heterogeneity, a likelihood ratio test
I's the appropriate measure of whether A “matters.” Results for the two nodels
are presented in Table 2. The LR test statistic is 8.18. The 58 critica
value for a X%S) distribution is 11.07, and 10% critical value is 9.24. Thus
the LR test just fails to reject independence of the utility function fromthe
abundance of ganefish. (However, if one were to generalize the utility

function to include only the interaction termzA and its coefficient y, and



Table 1
Descriptive Statistics for Full Sanple and “Gamefish Abundance” Subset

Variabl e Descri ption Full Sanple Subset
(n- 3366) (n- 3318)

Y nedian househol d incone for respondent’s 3,1725 3,2772
5-digit zip code (in $10,000) (1980 Census (0.6712) (0.6705)
scaled to reflect 1987 income; factor-1.699)

M current trip market expenditures, assuned 0. 002915 0. 002927
to be average for all trips (in $10,000) (0.002573-) (0.002576)

T annual lunp sum “tax” proposed in CV 0. 05602 0. 05608
scenario (I n $10,000) (0.04579) (0.04576)

q reported total nunber of salt water fishing 17.40 17. 37
trips to sites in Texas over the |ast year  (16.12) (16.14)

| indicator variable indicating that respondent 0.8066 0.8071
woul d choose to keep fishing, despite tax T  (0.3950) (0.3946)

A Resource Mnitoring Program catch per unit - 0. 1487
effort of red drum (gill nets) by nonth and (0.06161)

by major bay system
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none of the other variables or 7 coefficients, the increnental inprovement in

the fit of the nodel would be statistically significant. The 0.5 percent

critical value of a X2(1) distribution is only 3.84.)

5. Inplications of Fitted Paraneter EStinates

In the earlier paper, several properties of the estimted nodels were
recommended for attention. Here, the properties of the fitted utility
function vary across |evels of ganmefish abundance, A Consequently, we wll
examne the fitted utility function at the subsanple mean of A (____) as
wel | as at several other benchmark levels. It is entirely possible to conpute
values for several interesting quantities for each individual in the sanple.
Here, however, we will focus initially on the “mean” consumer.

Tabl e 3 summarizes several properties of the fitted utility function for
t he several |evelsofgamefishebundance. As ® xpected, changes in ganefish
abundance substantially e ffect the value respondents place on access to this
fishery. Value in this case is neasured several ways. Conpensating variation
(QV) is the ampbunt of additional incone «respondent would require, if denied
accessto the resource, to nmake their utility level the same as that which
coul d be achieved with the optimal |evel of «ccess. Equivalent variation (EV)
Is the loss of incone which would |eave the respondent just as much worse off
as woul d «denial of access. W also conpute the equivalent variation for
partial reductions In the |evel of «ccess.

A visual depiction of the effectof gamefish abundance on the
preferences of anglers (defined over fishing days and all other goods) is
provided in Figure 1 for A=0.1and for A= 0.2. As anticipated,
indifference tunes for A - 0.2 have considerably greater curvature, inplying

that anglers are less willing to trade off fishing days for other goods when
gamefish abundance is higher. In contrast, with |ower abundance, the

curvature is considerably less, inplying that under these circunstances,



Table 2

Paraneter Estimtes for “Basic"
and “Gamefish Abundance” (A) Models

Par anet er Basi ¢ Model Abundance
Model
(n = 3318) (n - 3318)
By (2) 3.192 5. 039
(7.968) (6. 266)
A2 () 0.1191 0.1133
(19. 18) (10. 87)
By (2%12) -0. 08953 -0. 2622
(- 1. 056) (-1.322)
B, (20) 0. 002661 0. 004570
(1.967) (1. 164)
135 (¢%2) -0. 006862 -0. 006920
(-22.16) (10.31)
vy (zA - -12.85
1 (22, 390)
7. (oA - 0. 03166
(0.5281)
13 (2%A2) - 1.191
(0. 6256)
Y4 (z0A - -0.01112
(-0.4287)
75 (q%A12) - 0. 0004552
(0.1137)
va 16. 03 16. 03
(81. 46) (81.38)
P 0. 2354 0.2343
(9.187) (9.033)
Log L -15485. 96 . -15481. 870

“See Caneron (1988a) for discussion of the 4 and p paraneters.
X test statistic Is 8.18; at 10% | evel, X55) - 9.24.



We may be especially interested in the derivative of this fitted demand
function with respect to E It will depend not only on F and Y, but also on

the level of E itself:

(3) 8q/3E = ({2(B +7,E)F - (By+1,E) F* - (B4 E)] [v, + 1Y - v,F - 7,FY]
- [(B47,E) + (B+1E)Y - (B +7,E)F - (By+v,E)FY)
(2 v,F - 7,F* - 7,10 / [ 2B+ E)F - (B+1,E) F* - (B,+1,E) 12,

This formula is untidy, but can be readily conputed. Table 4 gives the val ues
of this derivative as well as the corresponding elasticity, (3q/éE)(E/q), for
the full range of integer values of E which are possible in the data.

A visual display of the effects of changes in E upon the configuration
ofthe fitted inverse demand curve for en individual with nean Y and F is
presented in Figure 2. (bserve that, e [thoush the demand function can be
highly non-linear in F, the fitted values of the parameters (for these data
and in conbination with the sanple mean e ngler characteristics) yield demand
functions which aree Inost linear, Each fitted demand curve passes through
the value of Fe nd the corresponding particular fitted value of g* (for each
E) forthis representative consuner. Notice thatvariationsin E, in the
fitted nodel, have rather dramatic e ffscts upon the inplied choke price for
access to the resource: the better the e nvironnental quality, the higher the
choke price.

The variation in the configuration of preferences, and the obvious
shifts in the demand curveses ofunction of E inply that the social value of
eccess to the fishery will depend upon the subjective level of e rw ronmental
quality et fishing sites. To illustrate this sensitivity, we have conputed
the e quivalent variation for econplete |oss of access to the resource, as e

function of E, for a representative consunmer with sanple mean |evels of Y e nd



Table 4

Optimal Demand, Derivatives end Elasticities
wt Environmental Quality
(evaluated at nean Yand F, n = 3366)

q* dq/dE (3q/dE)(E/q*) EV for conplete
| oss of access

OO 1O LW —

o

14.72 0. 2876 0. 01953 $ 1046
14. 97 0. 2260 0.03018 1264
15.18 0.1822 0. 03601 1499
15. 34 0.1501 0.03912 1751
15. 48 0, 1257 0. 04060 2022
15. 60 0.1068 0. 04110 2314
15.70 0. 09193 0. 06100 2630
15.78 0. 07993 0. 04052 2971
15. 86 0.07014 0.03981 3340
15.92 0. 06204 0. 03896 3741




F.  These equivalent variations are also given in Table 4 Bear in mnd that
the range of E from6 to 10 accounts for approxi mately one standard deviation
on either side of the mean value reported in the sanmple. The EV estimates in
Tabl e 4 suggest that for a typical @ ngler, inproving e nvironnental quality
fromthe “6” level to the “10" level would e dd e pproximtely $1400 to the
annual value of access to the fishery (an increase of over 50%.

This val ue nust be considered in relation to the e ctual distribution of
Evalues in the sanple. Tables 5 end 6 give the details of these responses.
Al nost 40% of the sanple is conpletely satisfied with current environnental
quality. This suggests an alternative “sinulation” based on the fitted nodel.
I nstead of sinply considering the mean @ ngler, it is @ [so possible to sinulate
changes in E for each individual angler in the sanple. Under current
conditions, the equivalent variation for a conplete |oss of eccess varies over
the sanple from $648 to $4235, with «nean of $3037 andestandard deviation
of $778. If we take e very respondent who reported «subjective e nvironmental
quality level of less than 10 e nd increase their value of E by one unit, the
distribution of these fitted equivalent variation values can be expected to
change. In fact, the new fitted values vary from $839 to $4238, with «nean
of $3253 and .standard deviation of $71S. Thus the increase in the nean of
the e quivalent variations, whenwe inprove by on. unit the ® xperiences of
those who were less than conpletely satisfied experience currently, is
o pproximately $216. If we could scale this up to thee ntiro population, this

represents an increase in the social value of the fishery of e pproximtely

6.6%

6. Subjective Environmental Oualities as a Function of Phvsical Measures
The subjective e nvironmental quality question on the Texas Parks e nd

Wldlife Surveye licits information e bout overall e nvirornntsl quality. W
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do not presently have access to typical or specific air quality neasurenents
for different areas along the Texas Qulf Coast, but in the course of related
research (Caneron, 1988h), we have attenpted to determne how a variety of

water quality measures ore related to respondents’ subjective essessments of

environmental quality.

Fromevariety of auxiliary sources reported In Cameron (1988h),
including the Texas Department of \Water Resources, and the Resource Mnitoring
di vision of Texas Parks and Wldlife, w have obtained data on the
characteristics of tens of thousands of water sanples over the few years up to
and including the time period of the valuation survey. Mst of the water
qual ity “parameters” have been averaged by nonth e nd by e ach of the e ight
maj or bay systems along the Texas GQulf Coast. A few.re evailable only by bay
system  (See the original document for details.)

Table 7 reproduces the results for E regressed on e.variety of water
qual ity parameters in an e d hoc specification. Not surprisingly, the
relationship between the subjective environnental quality neasure and
“typical” water quality is quite weak. For this reason, we do not devote
space in this paper to «discussion of the e xplanatory variables. The reader
Is referred to Caneron (1988h) for this information. Certainly, nmany nore
physical factors wll e ffect perceptions than sinmply the few for which we have
measurements. Attributes of the respondent cane |so b. e xpocted to have some
i npact upon the subjective assessments of e mlronnental quality. O her
regressions reported in the e ppendices of Cameron (1988b) e xam ne the
influence of socioeconom c variables on these responses. They e |so e stablish

the presence of sow seasonal and geographical variation.



Table 7

QLS Regression of “Ability to Enjoy Unpolluted
Natural Surroundings: on Measured Water Quality Variables

F- TEST 4. 217

0BS 695

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERRCR PARAMETER- O
| NTERCEP 8.334 1, 860 4.481
MTURB 0.001600 0.01016 0.158
MBAL 0.01851 0.01795 1.031
MDO -0. 2415 0.1387 -1.742
TRANSP 0. 02034 0.01311 1,551
DI SO 0.2204 0.1077 2.047
RESU 0. 005304 0. 006889 0.770
NH4 6. 053 3. 659 1.654
NI TR -2. 236 1.155 -1.936
PHOS 2. 357 1.700 1. 386
HOA -0.002728 0. 02576 -0. 106
LOSSI GN -0. 009637 0. 02440 “0.395
O LGRS -0. 003734 0. 001145 -3. 261
CHROVB 0. 02663 0. 02361 1.128




The Vietnanese, as opposed to other cultural groups, seemto have

markedly different preferences for fishing than the popul ation as a whole.
ane?/] spent on associated market goods, once thought to be a reasonable proxy
fo, the non-market value of a fishery, is positively related to the value of a

fishing day (but typically conpletely unreldfed T0 catch ratesy.— rnportantty,
“many other explanantory variablees make strong coniribufions to explaining the
annual val ue of fishing day access; Igumce sol el y upon market expenditures

coul d severel y misstate resource values. _

The prelimnary specifications explored in detail in this paper produced

results that were suffici entlty provocative to warrant further analysis of
these data. It was decided fhat placing alittle more structure on the nodel

mght help. Hence the next paper.

2. “Conbining Contingent Valuation and Travel Cost Data for the Valuation of
Non- mar ket Goods,” (a retitled major revision of Working Paper #503,

Department of Economics, University of California at Los Angeles).

This second paper takes advantage of the general sense of the data
derived from the extensive exploratory nodeling described in the first paper.
It has been determned that there are several apparently robust systematic
rel ationships between willingness to pay for access to the fishery and ot her

measurable variables. Wth this established, one can be nore confident that

It is worthwhile to undertake further nodeling that is more solidly founded

upon neocl assi cal macroeconom c principles.

| amvery pleased with the quality of this paper. It devel ops a new
met hodol ogy, enpl oying novel and very sophisticated econonefric techniques
appropriate to the special features of the data. The analysis 1s particularly
care ful and rigorous and many tangential issues are considered thoroughly.

The sinplest nodel of consumers’ utility maximzation posits that
consuners have preferences defined over two types of commodities: the good in
question sportfishing days) and a conposite of all other goods and services.
More of both of these things makes them happier, but they are constrained by
their budgets. They nust trade off other goods andservicesin order to
consune an additional fishing day, and vice versa. They allocate their
Tmted budge ts between fi1shing days and other things so as to maximze their
| evel of happiness.

Al model s of this type are, of course, dramatic sinplifications of the
real world, but they frequently provide very yseful insights into the
essential features of consumer behavior.— Tndividuals wiih different
socl odenpgraphi ¢ characteristics, ynder different resource conditions, wll

make different consunption decisions. This type of variation allows us to
calibrate a nodel which can then be used to Sinulate the likely responses of

particular types of individuals if their decision making environment changes.
While these nodels cannol be expected to do very well in predicting the actual

response of aspecitic individual to some change, they can performfairly well
T the aggr egat €.




Earlier research enploying these “utility-theoretic” nodels for the
val uation of a non-narket good such as sportfishing access occasionally used a

technique known as the travel cost nethod. If fishing days can be considered
as_a single honogeneous good, information on the cost of a sin and the _

“umber of trips taken can be combined to yield a nodel of demand for fishing
days . This is the rel ationship between theinplicit price of access and— the
-nunber of days demanded, with accommodation for whatever shift factors

(income, resource quality, etc.) can be quantified.

Other attenpts to value recreational fishing days have relied upon
“contingent valuation” survey techniques, where survey participants_are
queried about the decisions they think they would make 1T a hypothetical
market for 1ishing days existed (i.e. 11 they had to pay a per-day entrance
f ee or purchase a season' s pass to fish). The discrete choice form of
contingent valuation question was posed on the Texas parks and Wldlife Creel
Survey.  Respondents’ answers about whether or not they would be willing to
pay an arbitrarily selected annual fee to continue fishing were analyzed in ad
hoc models in the first paper discussed above.

In the paper being described here, however, the nmathematical form of the
discrete choice nodel is carefully selected to conformto an underlying famly
of consumer preference functions with desirable propert ies fromthe point of
view of economic theory. By doing this, the calibrated nodels can ultinmately
be solved to yield corresponding estimates of the formal welfare neasures of
val ue, including equivalent variation and conpensating variation.

The primary methodol ogi cal innovation in this paperistoconbine both
-travel cost and discrete choice contingent val uation data in one conprehensive
Both methods of eliciting valuation infromation from survey
respondents should provide insights regarding the sane Preference Structure.
V¢ can conbi ne the two different perspectives for a more thorowgh
“Characterization of consunmer behavior.

In the basic nodel in this paper, all fishing days are treated as
._honogeneous and consuner choi ces regarding f1shing access depend only upon
their taste for fishing._theirincones, and the price of access to a fishing
day. Wen this nodel is explored thoroughly and shown to be relatively
successful, the assunption that all fishing days are identical is relaxed.

The illustrative generalization explored in this paper is to allow
preferences for fishing days (versus all other goods and services) to vary
systematically with the zip code proportion of people reporting Vietnanese
heritage on the 1980 Census. This is an inperfect measure of the respondent’s
own soci odenographi ¢ category, but we anticipate at |east some correlation.
The proxy turns out to be a significant shifter of preferences. The higher
the proportion Vietnamese, the less willing is a representative consumer to
trade off fishing days for other goods. Likew se, the greater will be their
demand for fishing days at any relative price and the greater woul d be the
cost to themof having to forgo sone or all of their fishing access.

The paper provides detailed enpirical estimates of the welfare values
associated with changes in fishing access. However, these dollar values are
conditional upon the extent to which the data we are using actually capture
t he concepts prescribed by the mcroecononic theory underlying the
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8. Concl usions

Cearly, there is good evidence that angler’s value of the fishing
experience is affected by their subjective assessment ofenvironmental
quality. For this small sanple fromthe Texas survey, ® || ow ng for
het er ogeneous preferences which vary with environmental quality nakes e
statistically significant inprovenent in the e cononocric model «t e |nost the
5% level . Despite the fact that we have lunmped e || other goods in the
consunption bundle into «single conposite, the fundamental regularity
conditions for a utility-theoretic nmodel are satisfied. O course, eIl of the
caveats mentioned in Cameron (1988a) e nd Caneron (1988b) e I so ® pply to this
anal ysis, so the results nust be interpreted with some caution.

Unanbi guously, if anglers' perceptions of e nvironnental quality can be
inmproved, our nodel indicates that the social value of the resource will be
increased (and vice versa, of course). What 1s clear, however, is thate
better Iink nust be forged between perceptions e nd e ctual physical quantities
of pollutants (both eir and water). W need to know just what It takes to
rai se someone’s response fromen 8 toe9 on this type of Likert-scale
question. This will require cooperation between physical e nd social

scientists.



11

REFERENCES

Caneron, Trudy Ann, (1988a) “Enpirical Discrete/ Continuous Choice Mdeling for
the Valuation of Non-market Resources or Public Goods,” Wrking Paper
#503, Department of Economi cs, University of California «t Los Angeles,
Sept enber .

Cameron, Trudy Ann, (1988b) “The Determinants of Value for «Mrine Estuarine
Sportfishery: The Effects of Water Quality in ‘Texas Bays,” Discussion
Paper # Departnent of Economics, University of California «t LOS
Angel es, Septenber.



specification. The data are far fromideal. Consequently, it would not be
appropriate in this sunmary to uphold the dollar values as unanbi guous. The
Texas data are by far the best | had encountered up until that time. But it
is crucial that this set of papers be regarded as demonstrations of the tyges
of analyses that can be conducted. If results as satisfying as these can be
achieved with mediocre ingredients, then subsequent surveys can be conceived
and inplenmented to take nmaxi mum advantage of the methodol ogi cal framework.
These future studies will undoubtedly produce final enpirical value estimtes
whi ch can nore confidently be used as a basis for policy making.

Wth these qualifications, and others described carefully in the paper,
sone of the welfare estimtes can be nentioned. For exanple, according to the
basic nodel, if fishing days were curtailed by 10% the average survey
respondent woul d | ose an amount of satisfaction roughly equivalent to the |oss
of $35 of incone per Fear (al though individual |osses range from$19 to $52).
A 20% curtail ment would match an income |oss of $139, on average. Sinmulating
a conplete loss of access is riskier and |ess realistic, but the nodel
suggests that the average respondent woul d be hurt by about $3400.

Ceneralizing the nodel to accommodate sociodenographic heterogeneity
(proportion Vietnanese in zip code) shows how the fitted preference function
is markedly different (for an otherw se typical respondent) when this
proportion ranges fromOto 2% Plots of the estimated “indifference curves”
and budget constraints nake these differences particularly obvious.

The paper al so breaks new ground by freeing up certain parameter
restrictions within the jointly estimated nodel so that the travel cost and
contingent valuation data are allowed to inply different preferences. A
scheme is al so developed for allowing differential weighings in the pooling
of these data, according to the perceived relative reliability of these two
types of information.

3. “Using the Basic ‘Auto-Validation" Mdel to Assess the Effect of
Environmental Quality on Texas Recreational Fishing Demand: Wlfare
Estimates,” (also Wrking Paper #522, Department of Econom cs, University of
California at Los Angel es)

The initial exploratory study described above (which enployed all of the
avai | abl e data and used ad hoc nodels) suggested that measured objective
di mensions of water quality did not always have clear cut and intuitively
plausible effects on willingness to pay for access to sportfishing
opportunities. An alternative possibility is that people's preferences for
sportfishing are affected by their perceptions of environnental quality, not
by what is actually out there. (What you don’t know won’t hurt you?) The
creel survey asked respondents’ subjective opinions about whether they were
able to enjoy “unpolluted natural surroundings.” Answers were recorded on a
scale of one to ten. In this supplenental paper, we allow preferences to take
on systematically different configurations depending upon these answers.

Various welfare inplications can be derived fromthe fitted nmodel, again
with the sane caveats nentioned in the above two sunmaries. The anount of
income |oss that would be equivalent to a 10% cutback in access to the fishery
is roughly $29 per year at the nean level of the subjective variable (8.07).



If environmental quality is perceived to be a 10, the loss would be about $37
per year. In contrast, if the quality is only 6, the loss of access would be
only, $23. For a conplete loss of access, the decrease in value at the nean,
at 10 and at 6 woul d be about $2400, $3000, and $1900 respectively. (Note
that only a smaller subsanple of the data could be used for these nodels,
since not all respondents were queried regarding environmental quality.)

Thus, we find that perceptions of environnental quality do affect
preferences for fishing days as opposed to all other goods and services, and
thus the value of access to the fishery will alnost certainly be influenced by
perceptible variations in water quality. Furthernore, we can show that
respondents’ answers to the “unpolluted natural surroundings” questions are
statistically related to several of the measured water quality attributes
examned in the first paper described above. However, it is clear that nore
research will be necessary to establish how objective water and environnental
qual ity data can be translated into individual perceptions.

Wth infinite and free conputing resources, it would be desirable to
all ow preferences to differ systematically according to the |evels of a whole
range of shift variables. At present, however, there w.sno budget for such
an el aborate model, so we were limted to exploring single shift variables
i ndependently.  (Each shift variable adds five new unknown nodel paraneters to
be estimated.)

4. “The Effects of Variations in Ganefish Abundance on Texas Recreational
Fi shing Demand: Wlfare Estinmates.”

Keeping in mind the lintations on conplexity, a second supplementa
paper was al so devel oped. Whether or not the value of this recreationa
fishery is dependent upon the abundance of ganefish is another question of

vital interest to policy makers. Ideally, one would neasure all of the major
ganefish species (there are seven or eight, described in the first paper,
above ) . For this illustration, however, we opt to concentrate upon red drum

As a neasure of red drum abundance, we could have used each individual’s
reported catch of red drumon the fishing trip when they were surveyed, but
this catch is dependent upon skill levels, which will be related to the
i ndividual’s resource value. This is undesirable. Consequently, we rely upon
data produced by the Parks and WIdlife Resource Mnitoring program W used
data fromthe thousands of official samples collected by this program and
aggregated up to average abundance neasures by bay system and by month. These
data are only proxies for the actual |ocal abundance of red drum experienced
by recreational anglers in each area and nonth, but they are conpletely
unrelated to angler skill. Thus we hope to avoid simultaneity bias in the
resulting estinates.

This nodel, augmented to control for red drum abundance, lets us explore
the likely changes in the social value of access to the fishery when the
abundance of red drum changes. Again subject to extensive caveats, we find
that the incone |oss that would be equivalent to a 10% reduction in fishing
access is roughly $35 at nean abundance of red drum |f abundance was higher
by 20% the sane reduction would hurt anglers by an average of $40. If
abundance was |ower by 20% the decrease in access would be equivalent to
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angl ers consi der other goods to be relatively better substitutes for fishing
days. For exanple, when A= 0.1, the sane change in the relative price of a
fishing day will lead to a larger decrease in the optiml nunber of days
consurmed than when A - 0.2.

In addition to the properties of the utility function and its
correspondi ng Marshal | ian demand functions, we nmight be interested in
cal cul ating the derivatives of these Mirshallian demand functions wth respecc
to the level of the A variable. The Mirshallian demand function for the nodel

with heterogeneity is:

(2) q = [ (B;#1,A) + B+ A)Y - (Bi+y A)M - (B +y,A)MY ] /
[ 2 (BA1 MM - (By+v,A) M = (Bgtreh) |

Figure 2 plots the inverses of these fitted Mirshallian denmand functions
(with eccess days g on the vertical axis, end.tho price ofaccesson the
horizontal axis). These demand curves are drawn for an individual with nean
income Y and nean travel costs M

As A varies from0.0to 0.1 to 0.2 (conpared to the actual nean val ue of
0.1487), these denmand curves shift out further and further. Chserve that,
al though the demand function can be highly non-linear in M the fitted val ues
of the paraneters (for these dat a and in conbination with the sanple nean
angl er characteristics) happen to yield demand functions which are al nost
l'i near.

Notice that variations in A in the fitted nodel, have rather dramatic
effects upon the inplied “choke price” (resonation price) for access to the
resource: the grater the ganefish abundance, the higher the choke price.
This can be interpreted «s inplying that with greater levels of preferred
gamefish abundance, higher and higher prices for access woul dbe willingly

paid before individuals will cease entirely to go fishing.
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Table 3 also gives the utility maxim zing nunber of fishing days
demanded, g, at the sanple nean values of Mand Y as a function of the
changi ng | evel s of ganefish abundance, A. Note that this optiml nunber of
days is not very sensitive to A This is a consequence of the fact that
changes in A seemto have a substantial effect upon the curvature of
indifference tunes; they have less of «n effect on their |ocation

The variation in the configuration of preferences, and the obvious
shifts in the demand tunes as a function of Ainply that the social value of
access to the fishery will depend upon the |evel of gamefish abundance at
fishing sites. To illustrate this sensitivity, we can concentrate upon the
equi val ent variation for a conplete |oss of access to the resource, as a
function of A for a representative consumer with sanple nmean levels of Y and
M These variations can be detected by scanning scross the colums in Table
3. Table 3 suggests that for «.typical e ngler, inproving ganefishe bundance
(red drumonly) by a factor of 1.5 tines its current level of A - .1487 woul d
i ncrease the annual value of access to the fishery by ebout 369 end inproving
abundance by 1.2 would increase access values by about 12% In contrast,
decreasi ng abundance to 0.8 of its current level would decrease the annua
val ue of access by about 10% decreasing abundance to 0.5 of its current |evel
woul d decrease access values by 22% If it is safe to extrapol ate these
estimates (based on functionally “local” variations in actual abundance
|l evel s) to a scenario where red drumare conpletely elimnated, the loss in
access values would be ebout 37% (Renamining val ue woul d derive fromthe
catch of other species, and fromthe non-catch utility derived from fishing

days.)

6. D scussion and Concl usi ons

As nentioned above, a full explanation of the enpirical innovations

embodied in the use of a joint contingent valuation/travel cost nodel for



Table 3

Propert ies of the Fi tted Utility Function (for "Mean" Gosume)
(n - 3318; valid sample with e vailsbl. abundance data)

Propert y e t L.5(neanA) e t 1.2(mean A) o t mean A e t0.8(mean A) o t0.5(mean A) et A-0
utility Function
Par anet érs:
I 2.173 2.746 3.129 3.511 4,084 5,039
py* 0.1204 0.1190 0.1180 0.1171 0.1157 0.1133
By 0.03545 -0.04961 -0. 00504 -0.1205 -0.1736 -0. 2622
[ 0.002089 0.002586 0. 002916 0. 003247 0. 003743 0. 004520
By* -0.006510 -0.006838 -0. 006852 -0. 006865 -0. 006886 .0. 006920
Function Mxi mum
z* -528.08 57.40 37.93 29. 98 24.16 19.73
q* -144.18 39.10 33.37 31.23 29.93 29.60
Demand Elascicity wrt
price -0.05569 -0. 06598 -0.0?278 -0.07915 -0. 08919 -0.1063
income 0.05568 0.07288 0. 06428 0. 09529 0.1121 0. 1405
Optinal number of 17.65 17.45 17.31 17.17 16.97 16. 62
Access days (q)
ig Variation
for Complete Loss of $4873 $4046 $3620 $3266 $2835 $2299
Access
Equivalent Variation
for Conplete Loss or $4796 $3943 $3515 $3164 $2741 $2221
Access
N for Access Restricted
100 of Curent  Fitted Level,
fora -
0.1 $3885 $3196 $2850 $2566 $2223 $1801
0.2 3069 2527 2254 2029 1758 1425
0.3 2350 1936 1727 1555 1348 1092
0.4 1726 1423 1270 1143 991 803
0.5 1199 988 882 795 689 558
0.6 767 633 565 509 441 357
0.7 431 356 318 286 248 201
0.8 192 158 141 127 110 89
0.9 48 40 35 32 2a 22




valuing a recreational fishery is given in Caneron (1989). This paper
represents a specific generalization of the nodel which allows the paraneters
of the direct quadratic utility function to vary systematically with the |evel
of just one species of ganefish. W have selected the nost popul ar ganefish
species (red drum. A nore elaborate nodel, of course, could let the utility
paraneters vary systematically with any nunber of characteristics of the
resource, not just the abundance of a single species of ganefish

Since we concentrate only upon red drum abundance, even the reduction to
zero of red drumstocks (in the nost extreme sinulation described in the |ast
section) will not |ead everyone to cease fishing entirely. Qher species of
gamefish will remain. In this specification, variations across |ocation and
month in red drum abundance may be correlated with the abundance of other
species. If this is the case, our red drum abundance nmeasure will be
capturing variations in the abundance of nore than one species. Nevertheless,
we do not capture the distinct effects of any seasonal or |ocation variation
in species abundance that is uncorrelated with red drum e bundance.

The simulated variations in red drum e bundance used as illustrations in
this paper are by far the coarsest sinulations that could be generated by a
model such as this. W have concentrated solely on variations in e bundance as
they woul d affect erepresentative consumer with mean incone end travel costs
However, since each individual's estimated preference function depends on the
abundance of red drum during the nonth and in the bay systemin which they are
fishing, the nodel is perfectly able to sinulate the inpact upon the value of
fishery access to individuals of forecasted changes in red drum abundance
either by nmonth or by geographical area. As the configurations of
individual s’ indifference curves change, so will their optimal nunber of
fishing days and the equival ent variation associated with partial or conplete

| oss of access.
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The intent of this paper, therefore, is to illustrate the versatility of

the constrained, jointly estimated contingent valuation/travel cost nodel for
recreational fisheries valuation. It is satisfying to find thoroughly

pl ausi bl e changes in econonic quantities as a consequence of exogenous
variations in resource characteristics. This generalization of the “conmon
utility function” nodel to a “systematically varying utility function” nodel

shoul d serve as a very useful prototype for subsequent research.
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Using the Basic “Auto-validation” Mdel
to Assess the Effect of Environnental Quality
on Texas Recreational Fishing Demand: Welfare Estimates

by

Trudy Ann Caneron
Depart nent of Econom cs
University of California, Los Angeles 90024- 1477

ABSTRACT

In «n extensive earlier paper (Caneron, 1983a) we devel oped «fully
utility-theoretic nodel for the demand for recreational fishing access days,
applied to «sanple of 3366 Texas Gulf coast ® nglers. The nodel e ISP10YS
“contingent valuation” and “travel cost” data, jointly, in the process of
calibrating e«single utility function defined over fishing days versus all
ot her goods e nd services. The theoretical specification (quadratic direct
utility) and the econometric inplementation wll not be reproduced here.
Instead, we focus specifically on the inplications of en extension to this
model. W& @ nploy a subset of 506 observations fromthe sane survey for which
respondents were asked to indicate their ex post subjectiveessessnent of the
environnental quality «t the fishing sits. Ve e now the parameters of the
underlying utility function to vary systematically with tke perceived |evel of
environmental quality to «ssess the inpact of e nvironmental factors on the
demand for access days. Treating the 10-point response scale for
environmental quality (Ef as a continuous variable, we find (among ot her
results) that for the average ® ngler inproving Efromone standard deviation
bel ow the nmean to one standard’ deviation above increases the value of the
fishery (neasured by equivalent variation) by about $1400 (about 50%.

* This research was supported in part by EPA cooperative agreenent
#CR- 814656- 01- 0.
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